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ABSTRACT

¢

This report was prépared by the Douglas Aircraft Company, Inc., to
present the test procedures used for, and results of, quélification

~ tests of the Thermoelectric Calorimeter'Transducer,‘bougias Specifi-x

cation Control No. (SCN) lA96572-501. The transducer is manufactured a

by the Hy-Cal Engineexing Company as P/N c-lléfFA-OB. .

The transducer was subjected to acoustical noise, acceleration,
random vibration, shock, and humidity environments to werify that - .

it would operate within the specified requirements.

The information in this report, presented in the form of a test
summary table, operational requirements, test prbcedures and re-

sults, and laboratory test data sheets, provides'the'd;ta'necessaryv

7for approval of the calorimeter transducer;for'usegqpfthe,Saturn"

s-1v. . T
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3 .0 INTRODUCTION

This report presents the procedures used for, and the results of,

qualification tests of the thermoelectric calorimeter’ transducer,

~ SCN 1lA96572-501.

» The transducer consists of a circular, black-coated heat sensing ele-‘”L

ment of constantan metallurgically bonded to a threaded copper heatv,

sink (figure l).- Two coppexr leads, one welded concentrically to

the constantan sensing element and the other welded to the copper - o

" heat sink, are attached to connector pins. The millivolt dc outputlrffx"

of the transducer, produced by the temperature differential between
the two copper constantan thermocouple junctions, is proportional-

to the heating rate of the transducer. The transducer's maximum

@

perating temperature is 200°F, and its £full scale output requires"‘“°““

a heating rate input of 3 BTU/ft -sec. The transducer s output pro-*fiiﬁ“

vides telemetry data on the heating rate at the area of transducer f¥‘°“'“

vlnstallation,

Three transducers are mounted in the aft skirt near the:aft'inter_,.ys:
. stage; between fin planes ‘I and IV, with the sensing elements flush .

" . 'with the stage outer surface. (figure 2).j

The tests performed on'the transducer and‘the:resululef the:testsmf
. are summarized in paragraph'27and'describedtlnfdetail in.paragraphfl
' 4. Laboratory data reoorded'during”the.tests~are presentea'iu the
" v appendix. Operational'requirements'for'the'transducer arexspecifled ‘

in paragraph 3 and any deviations from these’requirements, oxr f£xrom

™ the environmentalitest:requirementSvnoted iu'the test summary tables
“ of paragraph 2, are'explained-in'paragraph 5. Paragraph 6 states

the conclusions drawn from the reaults of the testscvv
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' SUMMARY FABLES

Jtables provide a brief summary of the env

nmental test parameters and the result

of operational tests pexformed to verify conformance with operational requlirements,

Test Specimens:

Two (2) calorimeter transducers,SCN 1A96572-501, S/N's 11931 and 11936

% ment, 153.2 db overall spl in
the 37;5 to 9600 cps frequency
jrangeq'

Test,Tolereﬁce:A +l, -2 db each
octave band. '

for minor deviations noted
in paragraph 4.4.1.

Acceleration
S/N 11931

tions of each ax13.

7g for 12 minutes in both direc—_

\
=

| Seme as reguirements

ERVIRONMENTAL. PARAMETERS _
- . - e e e -
- REQUIRED ACTUAYL, TEST RESULTS/REMARKS
! Acoustical Noise: )
S/N 11931 .
- 30 mlnutes random noise environ— | Same as reguirements, except Satisfactory.

See paragraphs 4.4. 1
and 5; and pages SM-

s A e S v e im o aw

Satisfactory. See
paragraph 4.4.2, and

. pages SM-17 and 18.

23, and SM-15 thru 17.

" Random Vibration:
S/N 11931
't 1-% minutes 'in each axis at the

. following power spectral density,
followed by 16 mlnutes in each
_axis at 3 db less:

20 - 30 cps 0.02 2/'cps

30 -~ 100 cps +5 db/ :
100-800 cps 0.15 g /cps
800-2000 cps = -5 db/oct

Test tolerance: + 3 db .power

Same as reduirements

Satisfactory. See

paragraph 4.4.3 and

' pages SM-17 and 18,
and SM-24 thru 38.

@1 uror g ve




2 S“4EST SUMMARY TABLES (Continued)

ENVIRONMENTAL PARAMETERS

REQUIRED ACTUAL TEST RESULTS/REMARKS
*. ¥ shocks -~ T
.S/ 11931 | Same as requirements Satisfactory. See
3 sawtooth shotks in each B - paragraph 4.4.4, and
iaxis, 35 g 0—peak, 1.m1111~ o R . pages SM-18 and 19,
second. ;e LD ” and SM-39 thru 41.
Humldlty , . I :
S/N 11936 Same as requirements, ex- Satlsfactory. See

. 184 to 160 to 84%F, with 95%
-: relative humidity.

{ Test ‘Tolerance:

" Low Temp: + 1g F

High Temp: + 4°F
Humidity: + 5%

JCnTEn 24-hour temperature cyéieé,

cept: post test made after
9th cycle, followed by 3

" | more cycles.

paragraph 4.4.5 and
5, and pages SM-8,
and SM-20 thru 22.

“”A§0pnrational Heat Flux
i Exposure to 8 minutes at 200°F

and ‘heat flux of 3 BTU/ft2~second

Same as_requirements

Satisfactory. See

paragraph 4.4.6 and

pages SM-9 and 19,

. and SM-42 thru 49.




OPERATIONAL REQUIREMENTS

D, 5

3.3 Transducer Output

The transducer output shall be 13.5 + 1.5 millivolts for a calibrated | ‘,’

heat £lux input of 3 BTU/ftz/second.

3.2 Continuity

G

The transducer resilstance, measured between pins A and C, shallrbe],

leas than 20 ohms,
4. TEST PROCEDURES AND RESULTS

4.1 Environmental Test Sequence

Two SCN 1A96572-501 Thermoelectric Calorimeter Transducers, S/N’s.;h":‘

11931 and 11936, Were subjected to environmental tests An the,]"T

wing sedquences

s/N 11931 T s/ 11936
Acoustical Noise _' dyl?“ﬁﬁﬁ%if}» Humidity :hfﬁQ;
Acceleration B .ipg,fff;ffjh' Operational Heat FluxZ”‘y

*.?':.—, v

Random Vibration'

Sawtooth Shock

Operational Heat Flux’

4.2 Pre-~ and Post-Test Procedure

Resistance. and output of the transducer were measured ‘and recorded

before and after each environmental test, except that the pre~test
' was omitted if less than 48 hours had elapsed since the precedlng |

post-~test. The res;stance between plns A and C was measured and

mrrded at ambient temperature hefore 1nstalling the transducer ,




o ik

A

“4.2 Pre- and Post-Test Procedure (Continued)

in a heat flux box and exposing it to a calibration heat f£flux of

3 BTU/ftz/second for 10 seconds. During this period, the trans-

ducer output was measured and recorded as a function of time,.using,;'f.'

an X-~Y plotter. The heat flux procedure was repeated two tovfour~

times for each test. The transducer then was restabilized at’ ambient;?;

temperature and the resistance between pins A and C was measured

~ again.

4.3 Test Specimen Mounting

Each transducer was mounted in a test fixture simulating a 19 x 255eafll~

inch section of the aft skirt of the Saturn S—IV for all tests

except the pre=~ and post-tests and the operational heat flux test.

Identification of axes for applicable tests was as‘shown on.pages

SM=12 through 14.

‘

4.4 Environmental Teét Procedures and Results

‘4 4.1 Acoustical Noise Test

The transducer and test fixture were suspended with bungee cord in

a 1000 cubic foct'acoustical reverberation chamber (page 8 M-4) for

the acoustical noise test. Three microphones suspended one foot ::,;‘

from the transducer ware used to monitor the acoustical levels.’
Continuity alao was monitored during the test.v The random noise

spectrum was as follows.*




Hl Acoustical Noise Test (Continued)

w%ctave Band Center Freq. (Cps) ‘8ound Pressure
Level (db)

1 31.5 139

-2 63 5[:‘g:i,14;
3 125 e

o4 250 o ,ﬁ’_lés R
5 1500 ERETIEYT B
6 1K e
7 2K f?‘,<,r“li:ff”:l45
8 4K o e |
9 8K o *<A'137" B

overall sound pressure level was maintained at the above octave

levels for 30 minhutes.,

The test produced no‘changes'in the mechanlcal or electrical charac-

teristics of the transducer;- The pre- and post-test results are . ‘

shown on pages SM=-15 through 17.‘ Page SM~23 is a graph of the'if?g'“
arithmetic average of the three microphones test levels and the ‘

specification sound pressure levels. . -

4.4.2 Acceleration Test 7e~-
The transducer and test’ fixture ‘were subgected to an acceleration

foxce of 7g for 12 minutes in both directions of each of three mutually

. perpendicular axes. The acceleratlon test was accomplished without

any changes in the transducer s characteristics,A

'rhe;pre-kaud»post—fﬁ

st results are shown'ohfpagessSM~l7'aﬁd lB;tj
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™4.4.3 Random Vibration Test

The'transducer and test fixture were subjected to 1.5 minutes of

random vibration in each of three mutually perpendicular axes. The - = :

power spectral density program was within i}'db~of the"following:t‘«eﬁ=

vibration profile.

20 ~ 30 cps 0.02 gz/cpS'

30 ~ 100 cps +5 db/ectavel g

100 - 800 cps 0.15 g2/cps O
800 - 2000 cps -5 db/octave '1ef;3f€;f371

The transducer was subjected to an additional random vibration of fg@f i:’

16 minutes in each of the three axes. The power spectral density .-~ .

program was 3 db less than that for the 1.5 minute program above. = -

The accelerometers were located on the assembly as shown on pages '

SM-12,'13, and‘l4. Continuity of the transducer was monitored'andf[ﬁhﬁélﬁf

' recorded using the setup shown on page SM-10. Photographs of test

setup are on pages SM=5 ahdkéu'

There were no electrical or mechanical failures experienced'by the

'¢ransducer. The pre- and post-test results are shown on pages SM-17 -

‘and 18. The power spectral'densities expefienced by the accelero-
meters mounted on the test fixture are showhjon“paQes'SM—24 throughﬁ
38. &

44.4 Mechanical Shock Test

The transducer and test fixture were subjected to nine sawtooth

Guration. Eaeh shoék'pﬁise was generatedfbyfthe”vibrationiequipment

waveform shock pulses<o£\35g zero-to~-peak amplitude and 1 millisecond .




&.4.4 Mechanical Shock Test (Continued)

) g a single sawtooth pulse from the sweep circuit of a oscilloscope 

as the control waveform.

Tn2 diagram of the shock test setup is shown on page SM-1ll. . The

transducer was shocked three times in one direction of each of threéf'; ;Q;f"

ﬁhtually perpendicular axes.

The shock test was completed without failure or damage to the trang- ”;f_f

ducer, Pre- and post-test results are_éhown on pages SM-18 and 19.
Photographs of the shock pulses in each axi5~are.shown.on pages SM=39 o

through 41.

4L.4.5 Humidity Test

The transducer and test fixtures were placed in a humidity chamber =

jyage SM-79), stabilized'at 84° i_l6°F and the relative humidity

maintained at 95% 4+ 5%. The temperature was'graduallygihcfeaséa for - -

2 hours to 160 + 4°F and held at this temperature fork64h6drs;':Thegf3fﬂ;;.n

temperature was then decréased for 16 hours to 84°F.}'This 24 héur' }»35*5 o

period constituted one cycle. After each cycle‘the'reSistance between .-

pins. A and C was méasureq, the data recorded are shown'on‘page‘SMFZl.
~ After the 9£h cycle, the humidity}post~;est'Was performed and the
transducexr was agaih‘placed in the chamber £for three,mdre7cycles.
Following the £inal three’éycles a second postétest wasvpefformed.
The results of the preftgst éﬁd both‘post-tests are‘éhown on pages

SM-20 through 22.

There were no appreciable changes in the continuity of the tranSducer'

10

“mcesulting from the humidity test; all readings were well within tolerance.




4.4.5 Humidity Test (Continued)
i/ The outer surface of the heat sink was darkened slightly by a corro1-f

sive coating and the sensing element surface showed some change from - -

the humidity environment. . f&f’

Figure 1 shows the element before humidity exposures, the photograph

on page SM~8 shows the element aftex exposure, /

When the transducer was removed from the humidity environment.and )
: subjected to post-test calibration heat flux,.the transducer output

| ; was approximately 0.55 millivolts more than’the‘pre-test value, but

still within tolerauce.l Successive exposure to the heat flux environ-

" ment resulted in the output returning to the pre—humidit?‘value, as - |

indicated‘by‘the previously referenced pre-faud"post—test data:pagesriﬁ;t;

4.4.6. Operational Heat Flux Test

The two transducersxwere exposed to a heat flux Of 3 BTU/ftZ/SeCOndiigljéf
for 8 minutes; Theaoutput of each transducer was recorded, ahuvthe7tﬁh%h
‘temperature of each’transducer'heatﬁsink-washalsé"measuredAahd re—tf” V¢,
corded, using theloutput of a chromel-alumel thermocouple adjacent”h

| to the heat sink. Data ‘recorded are shown on pages SM—42 through 49.

, After 2 minutes of operatlon, ‘a Jet of air was used to prevent the heat

- sink from overheatlng.'

‘During the test; the‘output of‘transdueer.S/N'll931‘decreaSedeO'7,f”
' millivolts from the 1nlt1al value ‘after exposure to heat flux for 2
minutes. After 8 minutes of heat exposure, the output was 3 l milll—

wm, VOLltS less than the 1n1t1al value‘,‘f'

bnv»‘ll




4.,4.6 Opcrational Heat Flux Test (Continued)

minutes of heat flux exposure. The output decreased 3.7 miliivolts”?“th

from its initial value after 8 minutes of heat exposdre.

The heat sink body temperature of both transducers increased almost
lineally for the £irst 2 minutes of heat exposure, then became almost
constant after air was applied to the body (pages SM-87, SM-88, SM490,
SM-91, SM=-92, and SM-94). - ' R

During the test the original black coating disappeared £rom the central

area of the sensing element surface of both transducers, exposing ths

constantan, as shown in the photograph of S/N 11931 on page SM-9.,;°'“‘*‘

DISCUSSION

" Acoustical Noise

The specified tolerances for'thevacoustical noise?test;(paragraph:i
4.4.1) were +1, =2 &b for eachdoctave band. 'VThe'controliable range
of the equipment conformed to the tolerances in the 63 to ©1000 cps
bands only. however, ‘the overall sound pressure 1evel was considered -

‘satisfactory for the remaining bands.

5.2 Humidity
Deviation from the specified ten 24¥hour-cyCleyhumidity test was
necessitated by test scheduling, the nine and three 24—hour-cycle

tests (paragraph 4. 4 5) were considered adequate to fulfill re-‘

e

quirements.

12

utput of transducer S/N 11936 decreased 1.2 millivolts after 2.,fifd

ENY




.2 Humidity (Continued)

Pon,

eterioration of the sensing element surfaces did not affect per-
formance of tne specimens; all specified operational requirements
were fulfilled during and after the humidity test. However, analysis
of the crystalline deposits on the sensing element surfaces were-

- performed. The constantan sensing elements, composed of 40 pereent

nickel and 60 percent copper, had yielded nickel copper oxxde

(NL Cu 0,) and nickel oxide (NiO) in the mOisture laden air.l

5.3 Operational Heat Flux
During the post test (paragraph 4.4.6) over~heating caused deteriora-
# tion of the black coating on the sensing element surfaces resultingt'-’

in an out-of-tolerance condition for both specimens. Since the

mver-heating was caused by an abnormal test environment not simuiating.fj
the actual in-flight environment, Douglas endineering considers.that

the specimens did meet requirements and that the out—of-tolerance

condition should be disregarded

6. CONCLUSION
Based on the qualification test results presented in this report,

it is the conclusion of the Douglas Aircraft Company, Inc., that the

Thermoelectric Calorimeter Transducer, Douglas SCN 1A96572-501,,a,.f;5‘g;5?

will perform the" intended function on’ the Saturn S-Iv stage.;,§_ s

......

sl







TEST EQUIPMENT

SMee O3

Tests were performed using the following equipment.,

*All Data acquisition equipment is certified 'per réquiréments-g:

specified in Military Specification MIL- -h5662A and NASK
Quality Publicaﬁion NPC 200-2.

Descriptibn
Accelerator

Charge Amplifier o
Chafge Amplifier
Powef Amplifier
Heat Flux Black Box

Wheatstone Bridge

Sound Level Calibrator

Camera

ﬂumidity Chaﬁberi'
Humidity Chamber ‘
Vibration Equipment

Random Nolse

Equalizer/Generator =

. Transistor Oscillator

Oscillograph'
Oscillograph -
Oscilloscope
Oscilloscope

X=-Y Plotter

" CEC

Manufacturer

Rucker ’

Endevco

* Endeveo

" Ling

Douglas

“"Léads\& Northrup .
7f’GeneraliRadiox1ff;
’7jft7Fa1rch11d :
.:?Q;Conrad

‘ '" Inreconr%“

T'MB

. "Allison
General Radio o
hhﬁf,Offher Electricﬁj:;iRGDlhﬁ 5.
.‘fJ{GiTektronix
- ¢ Tektronix

~f;Aﬁxograph'

349

'Model/Type
RCT-2 & -
2628 .

0608

5305 o
Csseens |
p296 . 59720
” FD-6h£b*3;Q*r;Tl9h o
| 10108ﬁf§\,f11;

" C=10 .;{f‘ff“

1307=A ..

535A';Qiﬁﬁfﬁ;
sIA

g8y

i

. 8/N, T/N -
Cw1k8o- -
 HA16

; gAl? |
L #611004-58

1529160 'fﬁif'f*

3892  t‘L

w9

B *‘*61192h;56:ﬁf ':“"
w6a6hTy
4081

021957

. 0220LL

Tl1em




Shen 02

5T EQUIPMENT {Continued)
Description Manufacturer " Model/Type  S/N, T/N
M{1livolt Potentiometer Leeds & Northrup  126W3 59002125002

“Microphone Pwr. Supply (3)Altec - 527B - eg1102k-6(M1)

Lavel Recorder (Chart)  Bruel & Kjaer 2305 261192450
Tape Recorder - - , 5 Precision Instr., ' PS-207A - ‘460

Temperature Recorder = Minn-Honeywell  Y156A15B=Wy - o
. . (L) 803220

' M{llivolt Source. . Brovn Instruments == - . PT3B -
Audio Freq. Spectrometer Bruel & Kjser ' 2Lk2 . #61192kuhg.-
True RMS Electréaic | |

tmeter. . 'Bruel & Kjaer "2UO9R - ﬁ"f{.”51192h§51.:i

VA°¢alér°meter(5) | E‘aeY°°}‘jaza“ . ee26 3#[‘,1*'~H352 e -

' B © mmer

‘”‘;HBali:, 5
‘}HBgé  iL‘f f iif S
t'H01hfijﬁf ‘

HC25 - -

Galvanometer(9) Y C?Cf:f;%égf;it 'J;{17-31f ?'<f7 .6335653ﬁ:_injwf” "
- l‘ L : 6916':i!ff;fj*~fii’i..
. Hhiuf83183;77““

9186 1.
9787
11529

L2t 11519

f_illSShlgé}




QMew 03

TEST EQUIPMENT (Continued)
Description Manufacturer

Condenser Microphone(3) ~Altec

Electropneumatic Transw: '

ducer(10) LTV

Note: #{DAC Tag Number)

Model/Type -

21BR=-180

6786

o8

S/N, T/N
817300)
9782(M3) "
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Thermoelectric Calorimeter Acoustical Noise Test




Thermoelectric Calorimeter — Vibration Test Set-up Random Vibration in Thrust Axis
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Thermoelectric Calorimeter — Vibration Test Set-up Random Vibration in Thrust Axis
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ADO i [/

%
THRUST AXIS ] | '
Random Vibration § Dodfad !
> dodo i
i o
Calozimator 5
Tangontial f
Axie . §'
. %,
A2t Sidrt Shaker Control :
Zest FPixturo

‘~‘~“-~__

/cf‘

P G ST B TSSO

FTarast -
/// 2 f\\\—-HB 52 4
- Llocation of Ascaoloro- ' Lsoclorenctorts ¥

: rate;'g &omeitive Aggg |
' Tangential Axis

Aoge;anuﬁmgeg
Ho. 2 HC 25 ' .

" Iseation on Accombly

- External Block « -

Thrust Axis | | External Block '

e R . B e

Ho. 3 EE 67 - 'Radial Axis - External Block’ =

Note:

No. L, HB 52 . Thrust Axis . © " Mounting Plate :
No. 5 HB 88 Thrust Axis " Test Fixturs :
Control Thrust Axis "fi_Externai_Bldck,f §

Controi'accalerometef'a output was not recbfded.'

The coﬁtroi

profile is given by accelerometer Nq. 2,

e
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CHECKED Bl:/é“:“ R i‘ilssm AITD 8PLACT Erarmvsy DIVIGION . Moozt .E":?ﬁ_g-_&._____ ‘

DATZ:

) nimie. 7 TRIC_CALOBDMETTR Aguolommaton leantionsg, REPORT N+ TH e = 820

TANGENTIAL AXIS
Random Vibration

HB 67

Calorimator /
Shaker , /
Controlf 7,

Zangontial
Axzis

Azt Skt
Test Fixture

/ Direction of Vibration
Axin
" location of &acmlofe-k.vf‘{'A@eclarammter9a R :
Acoolaron etox- U poter'o Soneitive fxds Iacation on Armenblg i
Koo 1 HC 14 ;fﬁl'Thrust Axis | © ' EBxternal Block ‘!fff ‘ ;

Ho, 2 D 2% - .. Tangential Axis - Bxternal Block

s

No.3 HB&7 . " Radial Axis " " External Blook :

No.k HB 52 - ‘Pangential Axis . Mounting Plate5;5f,;f fiT}ff
g Ro. 5 HB és o | Tangential Axis | Test leture E A” B
g Control | Tangentiel Axis e 'External Bl,f?c.k B

Note: The output of the control accelerometer was not recorded. .
The control profile is given by accelerometer No. 2,




ISM iz}z:i
AT ineee R Stoltz  DOUGLAS AIRCRAFT COMPANY, INC. .aee F=F

C"‘C“m;l.k/é!& emm— HISSILYS AND SPACH SYSTIES DIVISION moozL DY o j
OAYE: S R —,
-.WmIC CALORT f RG AT DG LON] RIPORY NO.t 7.»? /?49'/.570

RADIAL AXIS
Random Vibratian

primgon
=

Calorimeter

o2 e
e T T

Tangontial
Axis

Shaker Consro )
Aft Skdrt ' : HC 25
Teot Fixture HB 88 . . .

B\-// .

Tarust
Ads

Fompes

Direction of
Vibration

- location of Accoloro~ Glf*f Accelaromater‘a
Acoolerometer | . moter's Scneitive Axis - Lpcation on Amammbgz

Moo 1 HC 1k . Radial Axis * v - External Block
No. 2 HC 25 . * Tengentisl Axis - External Block

Ho. 3 HB 67 - ‘f_] Thrust Axis - t"%?ffnyxternal Block. -
No. &4 HB‘52'~ﬁ”:"jTangential Aiié vfj">';Test Fixture
No. 5 HB88 Radial Axis. .~ . . | Test Fixture Mounting Bolt

Control - Rédiél Axis "' 'Next to Calorimeter on
et Sl oo Test leture

¢

Hote: Control accclerometa“'s output not recorded. Control profile is
given by accelerometer #1. y :

e
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MISSILE & SPACE SYSTEMS DIVISION
DOUGL.AS AIRCRAFT COMPANY, INC.

- SM-15

P LN SO /
oaTE __ b=5-6/, _PRE & POST ENVIRONMENTAL _ _ Test - pace _A-/0
susscet  Thermocelectric Calorimeter T e Ri5E0 AODS
TEST NO. s.0. 5419-60011p w.0, 24475  p.r.0..0251 MODEL NO, DSV=/y
0BJECT OF THiS DATA _ Fart Number 1A98572-501

_ OBSERVER LABORATORY _A=R75 E/E-NGC  ryeineer Re Eo Stoltz

Acoustical Noise Pre-Environmental Test (S/N 11931).. -

Resistance: RS

(Before Heat Flux) . o Omms
Total Resistance - , :i . 54,2
Lead Resistance E e ed35
Calorimeter Resistance o SRS P A0/ A




- MISSILE & SPACE SYSTEMS DIVISION
\ c7 DOUGLAS AIRCRAFT COMPANY, INC.

: smel!
e _b=5=6, __PRE & POST ENVIRONMENTAL __ vesT pace A=/

sussecr _Thermoelectric Calorimster TM = Re 520 Zop. )

TEST NO. $.0,5419-6011 p.w.0.. 24475 D.R.0, _ 025L MODEL NO., DSV-4,
OBJECT OF THIS DATA Part Number 1A94572-501 S/N 13931

OBSERVER LABORATORY Z A—275 EmNG'C ENG INEER R. E, Stoltz

Acoustical Noise Pre-Envirommentsl Test (Contfd)

Calibration

Heat Flux Heat Flux Steady State Output = - e
I (BTU/Pt2-Sec.) (Millivolts)

3.00 - 13.7)
2698 . - 13.68 ’
B-OQ o PR 13068

Run No.
Run No.
Run No.
Run No.

WO

Resistance:
(After lst and Before 2nd Heat Flux)
- Ohms

Total Resistance | «523
Lead Resistance : w125
Calorimster Resistance - ) +398

Calibration
Heat Flux

R0t Heat Flux 0 - Steady State Output’l
S0 (BTU/RGR-Sec.) - (Millivolbs) -

Run No. 1 . l: :f“‘ 2.99 - ' ©13.65 .

Ran No. 2 - ot 2,99 . 13.60

Second Calibration TR o ;f‘;.',‘,__ﬂv e
Heat Flux Cor oo Heat Slux . Steady State Output - - -
ol (BIU/PYe=Sec.) . . (Millivolts) - o

298 1o
2.9 SO T3uss
| ‘ 2‘99 - :.3.50 - ‘

Run No.
Run No.
Run No.
- Run No.

S N

Resistance: '

. (After Heat Flux)

S omms U

Total Resistance w890
Lead Resistance. o R 480
Calorimeter Resistance : <410




MISSILE & SPACE SYSTEMS DIVISION
DOUGLAS AIRCRAFT COMPANY, INC.

,SM“17
-, oate __ 6-5-6l PRE & POST ENVIRONMENTAL _ test pace _ A= /R
~/ sussgct —Thermoelectric Calorimeter TN-R=PEEO A ]
TEST NO. 5.0. 5419‘601J-o,w.o._j§§§éﬁﬁi_*__p.a.o. 0251 __ MODEL NO. . DSV-4
- OBJECT OF THIS DATA Part Number 1A94572~501 N :
OBSERVER | LABORATORY A=R75 E/E-NGC _ ¢ngineer _Re E. Stoltz

L

Acoustical Noise.Post Environmental Test, (/N 11931)

Acceleratlon Pre-Environmental Tegt

Resistance: o T A

(Before Heat Flux) . ~ Ohms -~
Total Resistance .885
Iead Resistance 480
Calorimeter Resistance . «h05

Calibration o

Heat Flux: -

(BTU/Ft2-Sec. ) (Ihﬂllvolts)

Runlo 1. . 2.98-I:a;?jTi?;f T 13.59
6:@ Run No. 2. ¢ 2.99 L. 13.60

Resistance:

(After Heat Flux)

Total Resistance
Lead Resistance
Calorimeter Resistance

Acceleration Post Ervironmental Te‘st. (s/m 11931) '

Random Vibration Pre-Envirormental

) Resistance: B I ) -
(Before Heat Flux) o T Ohms
- Total Resistance = N -1
Lead Resistance g g o .480
Calorimeter Resistance Leld5
Calibration
. Heat Flux e >
D e Heat Flux _ Steady State Oubput

(B gth—Secazvf;;‘ (Ihjlawolts)

Run NOc‘ 1 . o 2 99 . 13961.; oo
Run No. 2 <~g'~g‘\-'f;:m 2,99 : ‘113~6h -

Heat Flux ° .‘Steady St ate'Outpuﬁlﬁﬁ'T

me e . - SNt |- 00 N S——




ot o MISSILE & SPACE SYSTEMS DIVISION
","":. - DOUGLAS AIRCRAFT COMPANY, INC.
LT4 SHEET
nu n:nn.a 15M_18 ’
oate _6=5-6L PRE & POST ENVIRONMENTAL __ rest pace _A=43 .
sussecT Thermoelectric Calorimetsr 72 R=Y5R0 A5/
TEST NO. $.0,5519-6011 p.w.0, __ 2uL75 ob.r.0.__025L MODEL NO, ....DSV=l
0BJECT OF THIS DATA _Part Number 1A94572-501 S/ 11931,
. OBSERVER LABORATORY A—275 E/E—NGC ENGINEER R. E. Stoltz
X Acceleration Post Environmental Test (Cont?d)

Random Vibration Pre-Environmental Pogt (Conttd)

Resistance: ' S .
ZAfter Heat Flux) o Ohmsg - -

Total Resistance ' 895 S
Iead Resistance 80
Calorimster Resistance 15

Random Vibration Post Fnvirommental Test (S/N 11931)
Mechanical Shock Pre-Environmental Test

Resistance: o
(Before Heat Flux) © Ohms

Total Resistance o895 -
lead Resistance - S o480 -
Calorimeter Resistance TRy A
Calibration R .. W
Heat Flux IO Heat Flux 7", Steady State Output .
Citens e (BTU/FER-Sec.) . (Millivolts)
Ran No. 1 . L - 3,00 o 13,57
Bun No, 2 . i oo 3.00 ol C13.57
Resistance . TR -': o |
ZAfter Heat Flux) o S e Ohms - :
Total Resistance ' .f o '.995'f:..fg;‘-" R
Lead Resistance - - Y - (U
Calorimeter Resistance - Tt l;lS

Mechanical Shock Post Envmrormxen‘bal Test (S/N 11931)

Operational Per-iod Pre—Environmntal ‘I‘est

. Resistance _ o S SIS
(Before Heat Flux) EE . Ohms

Total Resistance . S «900

Lead Resistance - o 4,00

Calorimeter Resistance .. | ’.500

——




o MISSILE & SPACE SYSTEMS DIVISION
):;r‘,;‘ T SHEET DOUGLAS AIRCRAFT COMPANY, INC.
yau ”‘.‘.” ® SM-IQ _
£ ) pate_ b-5-6L PRE & POST ENVIRONMENTAL TEST pace Al =/F
susJECT — Thertcelactric Calorimeter Tne K-%530 Hop./

TEST NOw — 5.0, 5419-6011p.w.o0. 2175  p.r.o.__ 0251 MODEL NO. __ DSV=l
08JECT OF THis DaTa __Part Number JAGI572-501 S/ﬁ 13931 ,

OBSERVER LABORATORY __A=275 E/E-NGC _ enginker _Re E. Stoltz

opmental Test (Cont?d) -

Operational Period Pre-Envirormental Teg (Conttqd)
Calibration IR
Heat Flux Heat Flux Steady State Output j-,
(BTU/Ft2-Sec. ) (Millivolts)

Run No. 1 ' 3.00 " 13.65
Resistance - L .
(After Heat Flux) - Ohms

Total Resistance | o «900

Lead Resistance o «400

Calorimeter Resistance «500 o

Operational Period Post Envirommental Test (S/N 11631)

Resistance S R . .
(Before Heat Flux) R g c 0 Ohms
Total Resistance S 900
Lead Resistance .. - S «400
Calorimeter Resistance LT e 500
Calibration B |
Heat Flux oo i Heat Flux. .07 Stea.dy State Output
: Coee i (BIU/FE2-Sec.) (1i11ivolts)

RanNo. 1 - 00300 L 10.68

Run No. 2 oMo 34000 T 10470
Resistance: o ;'.ii . .'z"'.f;'- Co
(After Heat Flux) B I IR - S

| Total Resistance - .. . .35

Lead Resistance o A48

Calorimeter Resistance : - 587 o

Hote: The varia“tions which occur in the lead reaistanca are: due to the
use of different 1ea.ds. r ' :
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wucv- MISSILE & SPACE SYSTEMS DIVISION
fxT‘& SHEET DOUGLAS AIRCR{QFT COMPANY, INC,
! Ism-20"]
/ pate ___6-5-8L __PRE & POST ENVIROMMENTAYL. _TEST pacE =7
susJecT —Jhermoalectric Calorimeter M) R~ Y20 AHvaj,
TEST NO. s.0, 5419-6011 p.w.0. _ 2475 _  b.R.0._025L MoDEL No, _ DSVl

0BJECT OF THIs DATA _Part Number 1495672501

OBSERVER LABORATORY __8=275 E/E-NGC  ¢neincer _ Re E. Stoltz

* Resistance:
(Before Heat Flux)

Total Resistance
Lead Resistance
Calorimeter Resistance

Calibration:
Heat Flux

Run No. 1
Run No., 2

Resistance:

Total Resistance :
Lead Resistance

Calibration:
Heat Flux

Run No. 1
Ru.n I‘IO. 2
Run Ho. 3.

Second Calibration
Heat Flux

2un Noe '
Run No.
Run No.

WP

Regisvance:

(ATter Heat Flux)

Total Resistance Ay
Lead Resistance

Huridity Pro-Environmental Test (S/N 11936)

Run No. 3 - e

. (After lst Calibration and befora 2nd Calibration Heat Flux)

Calorimeter Resistance

531
-125
4,06
" Heat Flux  Steady State Output '
- (BTU/Pt2-Sec.) ., __(Millivolts)
2.98 h 13.57
2.99 13.51
2.98 13.50
. Heat Flux - Steady State Output’ .
(BTU/Ft2-Sec.) . __(Millivolts)
2,99 13.10
2.98 13.39
Ohms A

Calorimeter Resistance "

Ohms
. «551
2135
A6
Heat Flux . Steady State Outpu‘o
(BTU/Ft2-Sec. ) (Millivolts) .
2.98 o war
2.98 13.60 S
2.98 . 13.68 SR

: Ohms- _

; ’LFZIJ_ K
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R MISSILE & SPACE SYSTEMS DIVISION
LU DOUGLAS AIRCRAFT COMPANY, INC.
4TA SHEET .

28 374i48e08 ) SM_‘?_.I‘ ,

oATE _ &=5-Ql HIMIDIT! TEST pace 237
SUBJECT Thormoelectrdic Calorimster . TM-R-Y520 oo

TEST NOw o 5.0.5409-801 b.w.0.___ 200775 _ b.r.0.___ 0251 MODEL NO. DSV=4
0BJECT OF THIS pATA ___Part Numbor 1A96572-501 _ S/M 11936

. OBSERVER ' LasoraTory __A=275 E/E-NGC  engineen —_Re B Stoltg

Moasurements After Each Humidity Cvcle

Date ' Tims Calorimster Resistance
) | (Ohms

720k 10004 N WL T

5-21~6l ‘:,;5‘-_ 10330 AM T0.435
5-22-64 om0 ouds
PR 10:30 AM o L ows
5-26~6L - - i?fn:oo'AML'.j |
5-27-6l, | B l :.'_"10 :30 AM |
528~ 10330 AM § Wt
6-1-6, Cooamo T oaas
Humidity Post Povirormental Test . - oo

%QS_BL&_@Q: e '
Before Heat Flux) S COms
Total Resistence = - 895

Lead Resistance v ' '.L;SO e
Calorimster Resistance v S .Al5

Calibration L , L o
Heat Flux om0 7 Heat Flux - . Steady State Outputls
. om0 (BTU/RER-Sece) o . (Midlivolts)

Run No. 1 = o 13,00 | ,";-_fj,;'n'-llz,,,gls
Run YNo. 2 . 3 3000 (l Mpclo
Ran No..3 3,00 S 1340
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T4 GHEET

MISSILE & SPACE SYSYEMS DIVISION
DOUGLAS AIRCRAFT COMPANY, ING.

% 4%e158e0 SM422

3 @.‘T_

.y ATE b-ti=bly HOMIDTTY TEST pace A2 ~8F

o % suaJect — Thaymoalectric Calordmotap TA-R-HEZ2.0 £0D. I -
TEST NO. s.0. 5419=-601L o.wio. 24475  o.r.0.___ 0251 moDEL WO, .. DSV=l

Part Numbor 1A96572-501 S/% 11936

LABORATORY A-275 E NGC ENG INFER Re_Eo Stﬁl‘h?g i

OBJECY OF THIS DATA

OBSLRVER

Hroidity Post Puvirommontal Test (Comt?d)
Second Calibration

X

Hotos

Tho variztions in the lead rosiatanc@ asen due to the use of

different sets of leada.

Heat Flux 'Heat Flux 'smad;f State Output
LB"'U/F“t?--Sec l (Millivolts)

Run No. 1 ’ 3,00 14,10

&m N ° 2 : 3000 13097

Run No. 4 5400 - 13.65
Registancae: L L
(After Heat Flux) . Obmg -

Total Resistance 0560

Lsad Rosistance W8

. Calorimstex Resistgnce .412 L
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e e o et W0 L 0.2 =i, lisec/centimeter

i i millivolis = Ols

H A S ‘ Shoek duration = 1 millisecond

7 » ¢ Shock amplitude = Gis

E' 4 Accrlerometer monitoring shock test
‘( ' H was mounted on test fixture.

S - <# 4 Shock #1 in Radial axis

H P

Y i

L‘?"‘.'?"ﬁ‘: = 2 ~";i,"-'*“"-‘.'~:-f“~-.~:-."_-..-—~' LRIV SC S E R .,_,;»;

!
yr,..‘,.. w s gt e B e e T TR R SR S T S ST } A)_i 5 R_“di“]
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T i | Horizortal Sensitivity:

;o . S 0.2 millisec/centimetor

. A millivolts =  4's

“i 1 B , b : Shooe duration = 1 maillisecond :

E i ,)ﬁ>”"‘*"9‘ o oLl Sr.ock amplitude = 35 G's g
e i iecelerometer monitoring shoeck teat. ¢
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I s Tl o shock amplitude = G's
f 5 - 1+ accalerometer monitoring shock test
i H Poon <% 1 was mounted on test fixture,
bt ¢+ Bhock #1 Thrust axis
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Axis: Thrust
Vertical Sensitivity: 0.5 volts/cm.
Horizontal Sensitivitv'
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f millivolts - 3's ]
1 onock duration = 1 millisecond 3
! Shock -amplitude Jts
g Accelerometer monivoring shock test
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1 ,«ixﬁJ T e Srnock amplitude = Gt's
i T - s | Accelerometer monitoring shock test
} i? o ';55?” -1 | was mounted on test fixture.
& ﬂ;:::::::/ . 1 1 Shock #3 Thrust Axis

gx.—,.’ =5
i
5
1
g
s
AT YT W D

rapey e

Lma-m'w: o

y i Z
ALSANIN!@ LA Q814
VE




R PRIPARKD BY.
CHETGKED 7Y

R Steltz

5727781,

f T SO B

Ty A
Wb el iy

1 IAE

Eig b T Wl o
S AITERLE

AITD_SPACE SYS

J‘Hf“s”lf"n"‘ o ¢ e
Mol uh MNV B,

TG

e
“ s T
PAGE! / )

;ﬂODEL:DSV -l

é

v ALBARNTREL) LA 00!4
%" A-a TRADING PAPRE

OATEr DIVIGION

rirees LI RMOSLECTRIC CALORTIETER _Shock Tast of Trrmential Avis REPORT. NO,1

,T,. Pt e ) v e T I S e —— TR e ey

3

j§ , - B T - . . . i

{ | Axds: Tangential ;i

: : Vertical Sensitivity: 0.5 Volts/em. g

1 : Horizontal Sonsitiviity: g

P , :§ ~ 0,2 nillisac/centimeter‘

7 : millivolts = G's §
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TEST REPORT

FOIORM 37.113 (REV. 4.43)

DATE 6/ 8/ 6L

CIVISION

\

CONSTANT HZ4

suaseer_bnromel Alumel Thermocouple and Thermo &

T
le

rctrdc Calorimeter

FLUX_OPER, _rest

LOCATION -
ﬁ SM-42 l

SHEET

A0S

1 o 2 .7

THi- R-45ko_ D,/

TEST No.

s o SLI9LEOTY

OBJECT OF THIS DATA

Fi0. 2LL75

MODEL NO.

DSVl

P/i 1496572-501

JH0. Q28] S/ 11931
. OBSERVER R, Stoltz WITNESS AGENCY
Tive Thermiocouple Thermocouple Thermo Elec, Calbrimeter
(min.); (mv Output) (deg. F) (rav Output) :
0.03 1.0 77,0 12,8
0.2 1.1 8l.5 13.8
0.L 1.3 9.5 13.8
0.6 | 1.6 103.7 13.8
0.8 | 1.9 117.0 13.8
1.0 2.3 134.7 13.7
1.2 2.7 151.5 13.6
1.4 3.0 164.7 13.5
1.6 3.4 182.0 13.4
1.8 3.6 190.5 13.2
2,0 4,0 207.7 13.1
2,2 3.7 195.0 13.0
2.4 3.7 195.0 12,9
2,6 3.8 199.0 12.8
2,8 3.9 203.7 12,7
3.0 | 4.0 207.7 12.6
3,2 4,0 207.7 12,5
3.4 4.1 212,0 12,4
3.6 L2 216.5 12.3
3,8 | k.2 216,5 12.2
4.0 L.1 212,0 12,1
4.2 | 4.0 207.7 12,0
L.L 4,0 207.7 12,0
L.b 4.0 207.7 11.8
‘ L.8 | 4.0 207.7 11.8 ;
5.0 4,0 207.7 11.7
5.2 4,0 207,7 11.6
5.4 4.0 207.7 1l.5
5.6 L.0 207.7 11.4
5.8 | 4.0 207.7 1i.4
6.0 L.G | 207.7 11.3
6.2 | L.O 207.7 11.2
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r\x:m' 374113 (REV, &4.43) . SM"43 S 7%
oare_b/8/81 CONSTANT HEAT FLUX OPFR,  resr smeer___2_or__2 '
sussecT.Chron ol Alumed Thermocouple end Therrmo Rles®rie Colopimetos TR IR MER S Onn. ]
TEST No. $. 0 51‘19”—‘711 MODEL NO. o DSVt :

OBJLCT OF THIB DATA Q. 20075 P/ 1496577501,
S0, 0283 S/ 11931
< QOBSLRVER WITNESS AGENQY

Tizo Thezmocouple Thermocoupls Thermo Elec, Calprimoter
(min.)| (mv Output) (deg. 7) (mv Output)

6.4 4,0 207.7 . 1.2

6,6 4,0 207.7 3.1

6.8 3.9 203.7 11.0

7.0 3.9 203.7 11,0

7.2 3.9 203.7 10.9

7.4 4,0 207.7 10.8

7.6 4,0 207.7 10.8

7.8 4.0 207.7 10.8

800 14.0 ' 20707 1007

Notes [At time bgual to goro the Calorinctbr cutnublis equall to zoro.
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L

DIVISION

LOCATION

SM-46

QOFER., _PERICD HEAT WY vest SHEET

Nwwi¥or Cnromel Alumel Thermocouple and Thermo Rlectidia Galordmetar

A=77

1, 2

W2 S AR YA B 3 Er N

TLLT No. s. 0 5L19-6011 MODEL NO. DOV
OBIECT OF THIG DATA 0. 21075 /i1 AQARTZ 50
SO 025] 21 11934
osuraver s Stoltz WITNESS AGENCY
ime | Thermocouplo Thermocouple Thormo Elec. Calorimeter
(zin.) (av Output) (dog. F) (mv Qutput)
0.03 0.8 68,0 13.7
0.2 0.8 68,0 13.6
0.4 1.1 81l.5 13.6
0.6 Lok 95.0 13.5
0.8 | 1.8 12.5 3.0
1.0 2,1 125.5 13.2
1.2 2.5 143.0 13.2
1.5 2,8 156,0 13.0
1.6 3.2 173.3 12,8
™1.8 3.5 186.3 12.7
-‘;"200 . 3.8 199.0 12,5
2.2 L0 207.7 12.4
2.k 4.0 207.7 12,2
2,6 L.l 212,0 12.1
2.8 4.0 207.7 12,0
3.0 L1 C212.0 12,0
3.2 4,2 216,5 11.9
5.0 .2 216.5 11,8
3.6 .3 220,7 11,7
3.8 Lol 225.0 11,6
ly,0 lsols 225.0 11.6
5.2 Lob 225.0 1.5
S L.k 225.,0 1.4
| 4.6 L6 233.7 11,3
¢ 4.8 4.6 2337 11,2
L.7 238.0 13,31
4.7 238.0 111
L7 238.C 11.0
4.6 233.7 - 10.9
5.6 4.7 2386.G 10,8
6.0 4.7 238.0 10,7
6.2 Lo 238.0 10.6
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OIVISioN LOCATION [
[sm-47] A-&0
OPER PERTOD HEAT FLUX TEST GHEET 2. oF 2

Fomol Alimel Thermocouple &nd 1

nerno clectris Colorimohor

M Be5nn mnn./

g. O.

54,19-ED11

MOQc.L NO,

DSV-Ls

©242CT OF THIS DATA O INNE] s LA96572..50L
g Ji . 0251 S/“ 11936
onszavek__Se SvOltz WITNESS AGENCY
Time Thermocouple Thormocoupls Therzo Elece, Calprimeter
(min.) | (mv Output) (dog. F) (v Output)
b0y .8 2,2,5 1N A
6.6 L.8 42,5 10.5
6.8 4.8 242,5 10.4
| 7.0 L.8 22,5 104
7.2 L.8 22,5 10,3
7.4 4.8 22,5 10.2
7.6 b8 2L2,5 10.2
7.8 5.0 2515 10.1
8.0 59 24,7.0 10,0
&t tino .ecéual to zdro the C«;llorimctm" output iz zero.
£ chromelealumsl thormocouple has ap%a:mxima’t@?,y 0,023 tv./°F,
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